Optimum conditions for the assay of thiamin were studied using a cyanogen bromide (BrCN) oxidation method. The adopted procedure included neither pre-purification of samples through an ion exchanger nor extraction of the thiochrome into an organic solvent. The 0.25M BrCN (the concentration before the addition of alkali) and the final NaOH concentration of approx. 100 gave the highest yield of thiochrome by a laboratory-prepared BrCN. To obtain the highest intensity of fluorescence, a concentrated BrCN (1.8M) was introduced in place of the conventional BrCN (0.11M), obtaining 3000 or more intensity of fluores cence. For the oxidation of thiamin diphosphate, 0.15-0.2M of laboratory prepared BrCN gave the highest intensity of fluorescence instead of the 0.25M for free thiamin. For simultaneous oxidation of free thiamin and thiamin diphosphate, therefore, 0.23-0.24M of laboratory-prepared BrCN was deduced to give the best yield of fluorescence. With a solution of commercially obtained solid CNBr, optimum concentrations for the oxidation of thiamin were about 0,04M for CNBr and about 0.16% for NaOH. When the sample contained an inhibitor of oxidation, such as ascorbic acid, the percentage of inhibition decreased inversely pro portional to the concentration of the sample in a rough approximation. The degree of inhibition was not reduced by the increased amount of BrCN reagent. Thus the possibility was indicated that thiamin in an ascorbic acid-contaminated sample could be determined accurately by extrapolating values for serially diluted samples.
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T. NISHIMUNE et al. Fluorometry. Thiochrome or thiochrome diphosphate was measured at its maximum wavelength of excitation and emission (375 and 440nm) by a spectro fluorometer, or a fluorophotometer (Shimadzu-Kotaki Type UM-2) with filters (UV-D2, FL-B1 + UV-O l ). The standard sample volume was 3ml in a cuvette of 1cm light path.
Oxidation of thiamin. As a standard procedure, 3ml of BrCN was added to 5ml of thiamin solution (in 10mM sodium acetate buffer, pH 4 .0), mixed well, and 2ml of 30% NaOH was added, mixed again, and kept for more than 5 min at room temperature. The fluorescence was measured against an appropriate reference thiochrome prepared from thiamin solution of a known concentration .
Plant extract. Arabidopsis thaliana was grown for approx . 10 months, frozen with liquid nitrogen, lyophilized, milled and suspended in 200mM potassium phosphate buffer of pH 7.0 containing 1% L-ascorbic acid and 1% L-cysteine. The suspension was homogenized with a polytron homogenizer, centrifuged for 10 min at 16,000 rpm, and the supernatant was used. The extract was prepared and kindly donated by Y. Komeda.
RESULTS AND DISCUSSION

Effect of sample volume
Two major oxidation reagents for thiamin now available are BrCN and K3Fe(CN)6. Although hydroxyethylthiamin can be determined only by the latter reagent, it has the disadvantage of being inhibited by sulfhydryls such as glutathione and cysteine. K3Fe(CN)6 is also known to have a narrower range of optimum concentration for the oxidation of thiamin (11, 12, 7) . Concerning the former reagent, BrCN, several studies have been reported (6, 8, 9) on the optimal conditions after the original proposal of the BrCN-NaOH method (5) . In these studies, however, steps such as the extraction of thiochrome into butanol and the pretreatment of samples by a column chromatography were included. As a result of those studies; it has been accepted that the amount of BrCN or NaOH scarcely affects the final result as long as they are used within certain ranges of volume. This is actually the case in routine assays as long as we measure the relative intensity of fluorescence against an appropriate reference thiochrome prepared by the same oxidation procedure.
Cases such as HPLC analysis are increasing recently in which butanol extraction and pretreatment of sample are often eliminated . We have studied the reaction conditions for BrCN oxidation in such a case. At either sample volume of 15, 5, or 2ml, the amount of BrCN exerted a direct effect on the amount of thiochrome produced, as shown in Fig. 1 increased with the volume of BrCN in all three sample sizes. The concentration, instead of the total amount, of thiochrome showed a peak for a particular amount of BrCN which was specific for each sample size (Fig. 2) . In these experiments, the final concentration of NaOH was either between 2.5 and 5% (in 15ml expt.) or between 1.0 and 2.0% (in 5 and 2ml expts.), and the effect was only minor as mentioned below. In increasing the amount of BrCN in Fig. 1 , the effective factor was not the total amount (stoichiometrical effect) but the concentration of BrCN, since a constant total amount of BrCN showed a similar curve when the volume of starting thiamin solution for oxidative reaction was varied keeping constant the total amount of thiamin and final volume (data not shown).
Effect of NaOH concentration
The optimum NaOH concentration was approx. 100, and the recover of thiochrome descended abruptly at smaller NaOH concentrations (Fig. 3) . In a parallel experiment it was confirmed that the effect of slight dilution of BrCN by NaOH did not result in a decrease of the formation of thiochrome. If the BrCN was diluted more than twice, however, by the addition of NaOH, the recovery of thiochrome in the oxidation reaction decreased depending on the extent of dilution (in these experiments, the total volume was adjusted to the same after the completion of oxidation reaction, i.e., 5 min at room temperature; data not shown). Thus the concentration of BrCN before the addition of NaOH had a greater effect on the yield of thiochrome.
Optimum concentration of BrCN In Fig. 1 , the yield of thiochrome was higher when more BrCN was used . We explored the effect of higher BrCN concentrations than that shown in Fig. 1 , introducing "concentrated BrCN" as described in METHODS. Thus, the optimum concentration of BrCN for the oxidation of free thiamin was shown to be approx. 0.25M, and for thiamin diphosphate it was 0.15-0.2M as in Fig. 4 . These concentrations could be attained easily by the concentrated BrCN. The solvent of the concentrated BrCN contained ethylene glycol monomethyl ether, and we have checked the fluorescence-intensifying effect of this solvent. The enhancing effect on the fluorescence was observed only at much higher (30% or above) final con centrations of ethylene glycol monomethyl ether, and the effect of the solvent was negligible at the concentration used (10-15%).
Optimum concentration for commercially available CNBr
Although it is impossible to attain the concentration of 0.25M by the use of conventional, hand-made, aqueous BrCN (0.11M), it could be easily obtained by dissolving solid CNBr. When an aqueous solution of commercially available CNBr (solid) was used, however, the highest intensity of fluorescence was observed at about 0.04M CNBr (see Fig. 5 ). It was evident that the fluorescence decreased in the "concentrated BrCN" gave 2 times or more intensity of fl uorescence. It is important that the conventional BrCN was used at its optimum conditions following the results in Fig. 5 . Thus the formation of thiochrome from the conventional BrCN method could be much worse and the concentration would be much lower if the optimization of reaction conditions was absent. Actually, larger amounts of alkali are used more often than not as in the case of data 1 of Fig. 5 . It is also important that the optimal concentration (0.16% NaOH) is not adopted in the condition which is recommended for HPLC (0.033M CNBr and 0.4% NaOH (10)). In the case of commercially available CNBr, the concentration of NaOH can exert a rather strong influence on the recovery of thiochrome (Fig. 8) . We cannot expect, therefore, any higher recovery of thiochrome in the recommended condition than the highest result in Fig. 5 T. NISHIMUNE et al.
The results in Fig. 7 also revealed that the HPLC system used could recognize two thiochromes as the oxidation products of thiamin. They are deduced to be thiochrome and O-carbamoylthiochrome (Fig. 7, chart 1) (13) . When the same sample was oxidized with the "concentrated BrCN," the third peak could also be partially separated (Fig. 7, chart 2) . The chemical identity of this third fluorescent peak has not yet been specified, but there is a possibility that O-cyanothiochrome has been produced in the case of the concentrated BrCN (13) . These inferences are not in conflict with the observation that only a single peak could be recovered for thiamin diphosphate and thiamin monophosphate (Fig. 7, charts 3, 4) .
Thus the proposed concentrated BrCN not only improved the yield of thiochrome, but also made it possible, in some cases, to reduce the dilution of the oxidation product, and also to reduce the possible inhibition by contaminants through making the sample qualified to be diluted when necessary.
